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INTRODUCTION 
The most important factor influencing the income from a livestock 
breeding herd is the number of offspring produced per female per year. 
This number varies between herds and species and is influenced. by such 
factors as disease, nutrition, genetics, management, climate, and 
endocrine balance. 
It has been estimated that over 30% of the potential offspring 
from the sow are lost between ovulation and the thirtieth day of 
pregnancy. It would be of great economic value to reduce this loss 
both in terms of increased number of offspring per pregnancy and 
increased number of offspring per year. 
The sow has long been considered to be solely responsible for 
litter size; therefore, much of the research effort in this area has 
been directed toward the female. Recent studies have indicated that 
the incidence of fertilization failure and early embryonic mortality 
are due in part to some inherent abnormalities of the male germ cell. 
Although actual fertility tests remain the only absolute test 
of male fertility level, it would be of value to find some reliable, 
rapid and inexpensive laboratory measure of fertility in order to elimi­
nate males of low fertility from· the herd prior to the breeding season. 
This research was designed to study: 
1. The variation of certain semen characteristics between boars 
and between ejaculates within boars. 
2. The relationship between these semen characteristics and 
fecundity in the gilt. 
2 
REVIEW OF LITERATURE 
The term "semen quality" was first introduced by a number of 
authors 25 to JO years ago. It w�s defined as a particular characteris­
tic, or several measured characteristics, of a semen ejaculate or its 
contained produ_cts which might reflect the ability of the contained 
spermatozoa to impregnate female�. This definition involves the idea 
of differences in the measured characteristics of semen from different 
males or from one to another sample of semen from the same male. At 
the same time, it- implies differences in fertility level among a popula­
tion of males and from one to another semen ejaculate of the same male. 
This definition implies that the magnitude of these differences in 
semen characteristics and fertility is related either in a direct or an 
inverse manner (Salisbury, 1955). 
Until artificial insemination becal'fle widely adopted, the1•e was 
no means of measuring semen characteristics and relating them to 
fecundity. Much of the literature is �elated to cattle for this reason, 
but with the advent of artificial insemination of swine more information 
on this species should be forthcoming. 
Th� following discussion will review the bull, ram and boar but 
caution must be observed when relating observations from one species 
to another. 
Variation Between Males in Conception Rate and Embryonic Mortality 
Kidder et al. (1954) and Bearden et al. (1956) attempted to· -- --
determine the relative importance of fertilization failure and embryonic 
death in variation in fertility between bulls as measured by c.onception 
rate. It was found that while the fertilization rate of low-fertility 
bulls was significantly below that of high-fertility bulls (71.9% and 
76.9% for low-fertility bulls as against 100% and 96.6% for high­
fertility bulls, respectively. for the two authors) there was no 
si·gnificant difference in the incidence of embryonic death (14. 9% and 
19. 2% for low-fertility bulls a� against 25. 5% and 10. 5% .for high­
fertility bulls, respectively). These data would suggest that failure 
of breeding with high-fertility bulls is largely due to embryonic 
death, whereas for low-fertility bulls it is due both to embryonic 
death and fertilization failure. 
Wiltbank et al. (1965) found that 10 bulls with good quality 
semen averaged 22% higher (P<. 05) conception rates than 5 bulls with 
low quality semen. Their data showed that the average fertility of a 
group of bulls could be predicted with some accuracy but the prediction 
of fertility of individual bulls was subject to large error, the 
principal reason for this-error being changes that occur in semen 
quality from one ejaculate to the next. Similar differences in bull 
fertility levels have been reported by Bishop ,tl al. (1954) and Bishop 
and Hancock (1955). 
J 
The ram effect has been found to be an importa�t cause of 
variation among ewes for the number of lambs born per ewe. Hulet tl al. 
(1965) found a highly significant correlation (P·<. 01) between ram 
fertility and the fecundity of his mates. Parker and Bell (1966) . 
observed differences in low-fertility and high-fertility rams as deter­
mined by the lambing performance' of their breeding mates in 1966. They 
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Several studies have indicated differences in fertility between 
boars after semen storage. Bane (1959) detected differences in boar 
£ertility of stored semen and First et al. (1963) reported a significant 
interaction (P<.05) between boars and sperm age. Stratman and Self 
(1961) found no difference in conception rate between seven boars. 
However, using.11 boars in a field trial, Self (1961) observed a 
considerable range in conception rates between boars, the range being 
greater in gilt breedings than in sows. 
Variation of Sem�n Characteristics� Their Relationship .12. Fecundity 
Motility. Reynolds (1916) as cited by Erb et al. (1950) was one 
of the first to describe the various types of motility. He emphasized 
even then that vigor of motion was necessary for fertility, but the.use 
of s_perm motility as a critical means of predicting fertility of a semen 
sample is questionable. El Sheikh and Casida (1954) suggested that 
motility of rabbit spermatozoa in vitro and fertility may not be similar 
physiological phenomena. Ha.%"11ond (1957) as. cited by Borton _tl al. 
(1965) noted that many researchers have observed that fertility was lost 
even though motility was retained. VanDemark and Hays (1954) and 
VanDemark and Moeller (1951) clearly proved that the rapid transport 
of sperm cells from the cervix to the infundibulum is almost instan­
taneous even with nonmotile spermatozoa and was brought aoout by 
oxytocin-stimulated contractions of the uterus. Most authors now agree 
that sperm motility function serves primarily as a means of randomly 
distributing sperm cells in the oviduct and as·an agent in penetrance 
of the sperm head into the ovum. 
Stratman et al. (1958) found a mean percentage. motile sperm for 
fresh and stored boar semen of 72. 2·% and 47. 2%, respectively, while type 
of motility was 7. 6 and 5.2. A type rating of 10 denoted a vigorous 
straight forward movement with gradations down the scale to 1 which 
denoted a weak, slow and spasmodic movement of the sperm. The associa­
tion between the percent motile sperm in fresh semen and the percent of 
fertilized ova recovered was nonsignificant, but the type of motility 
and percent of fertilized ova were significantly related (P<.001). 
These factors were not significantly related in semen stored for 12 
.hours. In a similar study by Self (1959) it was observed that the 
percentage of motile spermatozoa was not significantly correlated with 
the percentage of fertilized ova, but there was a significant associa­
tion (P<. 01) between percent fertilized ova and the type of motility. 
Stevermer et al. (1964) ascertained that motility of stored boar 
spermatozoa was not a reliable indicator of fertility. 
Paredis (1962) observed an increase in conception rate when 
selecting an ejaculate on the basis of initial motility. Paredis and 
Vandeplassche (1962) obs.erved a significant correl�tion (P<. 05) 
between conception rate and initial motility of over 75%. Hess et al. 
(1960) found that semen motility.in the 80 to 90% range resulted in 
higher conception rates at 21 days post-breeding as compared to 
motility at lower levels. 
In a field trial by Borton et al. (1965) there was a suggested 
but nonsignificant decline in farrowing rate at the lower progressive 
motility levels; however, a significant (P<.05) association existed 
between percent total motility and farrowing rate. These authors con­
cluded that progressive and tot�.motility of boar spermatozoa upon 
collection can be used to determine inferior semen samples and that 
progressive motility should be above 40% and total motility above 70% 
for most satisfactory fertilization rates. Above these percentages 
increased motility was not related to increased fertility of a semen 
sample. 
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Hydrogen-ion Concentration. It is well knovm that most enzymes 
require a particaj_ar pH range for optimum activity. Those found in 
spermatozoa and semen are no exceptions. Numerous studies have been 
conducted to determine the effect of pH in the media of suspension on 
motility, livability, metabolism and fertility of sperm cells. It is 
assumed that variations in the extracellular pH are directly reflected 
by intracellular changes in pH of the cells, but little is known about 
the exact interrelationships occurring here (Salisbury and VanDemark, 
1961). 
The hydrogen-ion c-oncentration of ejaculated semen is near 
neutral. Values of pH 6.85 to 7.9 have been reported in boar semen by 
Mann (1964). Most investigations indicate that a pH just above 
neutrality is optimum for sperm metabolism and survival. Winchester 
and ijcKenzie (1941b) demonstrated a definite relationship between pH of 
the media and respiration rates of boar and ram semen. The optimum pH 
for boar semen was 7. 2 to 7.3 and ram 7. 0 to 7. 2. A unit change in pH 
was found to have significantly less influence on the respiration rate 
of ram sperm than on that of boar sperm. A study by Salisbury and 
Kinney (1957) indicated a pH range from 5.0 to 8. 0 had no effect on 
respiration rates of bull sperm, although it tended to be higher at 
higher pH levels. High pH levels did increase aerobic fructolysis and 
lactic acid production. There was extreme variation associated with 
the individual bull ejaculates. 
Van Duijn and Rikmenspoel (1960) have shown that velocity of 
bull sperm increases proportionately with increasing pH between 5.7 and 
7.5. In a summary of several studies Salisbury (1955) indicated that 
initial pH bears a consistent relationship to volume, concentration 
. arid motility of bull semen. 
Erb tl _tl,. (1950) summarized data from 371 bull semen samples 
and found that samples with initial pH below 6.6 showed nonreturn rates 
inferior to samples with pH 6.6 or higher, while Hulet et .!1_. (1965) 
found no relationship between the pH of ram semen and ewe fecundity. 
8 
Oxygen Utilization. Metabolism of boar semen differs in several· 
respects from that of the bull and ram (Aalbers et al. , 1961). 
Anaerobically, boar spermatozoa convert fructose to lactic acid at a 
much lower rate than the ram or bull. Under these conditions their 
motility is also characteristically less. Aerobically, boar sperm 
convert fructose to lactic acid at the same or even lower rate yet 
their motility is very high, which reflects the ability to oxidize 
lactic acid aerobically and obtain energy for sperm motility. Boar 
spermatozoa are also capable of utilizing, aerobically, substrates such 
as glycerol, pyruvic acid and acetic acid. · 
/ 
Two other unusual features of aerobic boar sperm. metabolism are 
the increase of oxygen uptake after in vitro storage (oxygen debt) and 
the occurrence in the seminal plasma of an easily oxidizable substrate 
which is responsible for the plasma's own oxygen uptake which has been 
estimated by Winchester and McKenzie (1941a) to account for as much as 
22% of that of whole semen. 
Walton and E::lwards (1938) were the first to propose a metabolic 
measure to predict the potential fertilizing capacity of spermatozoa, 
and they used oxygen consumption of se�en as that measure. Erb et al • 
. (1950) found that standardizing bull sperm concentration to approxi-
1!1ately 750, 000 per ml. prior to determining r-esazurin reduction ti.me 
9· 
to the pink end point resulted in a correlation of -.52 with fertilizing 
capacity. In a later study by Erb et al. (1958) it was found that lactic 
acid increase during incubation resulted in a between-bull relationship 
with nonreturns (r = 0. 79). Other highly significant between-bull 
correlations with nonreturns included fructose decrease during incubation 
(r = 0.47), lactic acid af_ter incubation (r = 0.4J), ascorbic acid 
decrease during incubation (r = 0.48), estimated fructose utilization 
after 10 minutes of incubation (r = 0. 56) and resazurin reduction time 
(r = 0.42) •· These workers stress.ed that ·variable sperm concentration 
was a major interfering factor involved in interpreting the metabolic 
measures of semen quality. 
To this author's knowledge, literature pertaining to the relation-
ship of oxygen utilization and fertility of boar sperm is nonexistent. 
Morphologically Normal and Abnormal Sperm. In a typical 
flagellar spermatozoon it is usually possible to distinguish three 
regions: sperm-head, midpiece and tail. The latter two structures 
constitute the flagellum. Certain functions are attributed to each 
area. The sperm-head contains the nucleus which carries the male's 
genetic complement and the acrosome which protects the nucleus. The 
midpiece is surrounded by the mitochondrial sheath and functions in 
energy metabolism. The tail is composed of a fibrinous sheath and 
functions in movement. The total length of human, rabbit, ram, boar 
and bull sperm is· about 50 microns. 
10 
Hancock (1959) compared the morphological characteristics of 
spermatozoa from ejaculated semen of fertile and from apparently sterile 
boars. The mean percentages from the fertile boa.rs were abnormal heads, 
J.O; midpiece defects, 2. 7; bent tails, 4. 5; coiled tails, 0.9 and 
cytoplasmic droplets, 28. 6, while the percentages for the sterile boars 
were 11. 9, 30. 7, 9.1, 0. 5 and 5lh2, respectively. This worker's data 
indicated that fertility is likely to be impaired when abnormal heads 
and midpiece defects approach 21% and 26%, respectively. Percent live 
normal, abnormal, abnormal necks and abnormal midpieces were signifi­
cantly cor-rela ted ·with ewe fecundity by Hulet tl &• (1965) • Parker 
and Bell (1966) found a mean of 13. 3% abnormal sperm in a high-fertility 
group of rams as compared to 15. 0% in a low-fertility group. 
Wiltbank et al. (1965) observed that a highly fertile group of 
bulls averaged only 10% abnormal sperm compared to 51% for a low­
fertility group 0 The simple correlation between total abnormal sperm 
and fertility was -.35. 
Sperm abnormalities did not appear to affect fertility in the 
bull except when the incidence of primary and secondary abnormalities 
approached 23% and when abnormal heads were over 18% (Munro, 1961). 
Although morphologically normal and abnormal cells may be 
distinguished on microscopic examination, a normal-appearing cell may 
contain an abnormal interior which renders it incapable of performing 
its normal function. Leuchtenberger � al. (1956) found that some 
morphologically normal sperm cells of infertile bulls contained lower 
than normal runounts of DNA. 
General Characteristics of the Boar Ejaculate 
11 
Normal boar semen as ejaculated differs in several ways from the 
semen of other domestic animals. McKenzie et&• (1938) first described 
the unique characteristics of the boar ejaculate. The boar ejaculate 
which is extraordinarily large averages 250 milliliters. Sperm con­
centration is very low, usually 100 to 250 million sperm per milli;Liter. · 
Unlike bull or ram semen, b9ar semen is not ejaculated all at once; 
ejaculation in the boar is a protracted process. Usually it is possible 
to distinguish four distinct fractions termed the 11 pre-sperm," "sperm­
rich, tt "post-sperm" and gel plug. The pre-,spe:rm fraction is credited 
with cleansing the urethra, the post-sperm fraction accounts for the 
large volume from the accessory glands which fills the uterus and aids 
in sperm transport to the utero-tubual junction and the gel plug is 
credited with the function of sealing the cervix. When obtaining 
semen for artificial insemination purposes, usually only the sperm-rich 
fraction is collected. Self (1959) reported that this fraction, 
approximately 50 ml. ,  contains 80% of the total sperm cells or  600 
· million sperm per ml . 
· The chemical composition of boar semen also differs from that 
of other species (Mann , 1964). Among these differenc es are the high 
content of citric acid which may function in the pro cess of gelifica­
tion, a comparatively low concentration of fructose ,  a high reducing 
value due to the presence of ergothioneine which is capable of main­
taining intact sulfhydryl groups and the occurrence of inositol in 
12 
a very high concentration which plays a role in maintaining the osmotic 
. pressure.  All four of these chemical substru1ces are generated in the 
seminal vesicles .  
Under storage conditions ill vltro , boar spermatozoa fail · to 
survive as well as ram or bull sperm,  and no satisfactory method has 
yet been developed for freezing boar semen.  
13 
METHODS OF PROCEDURE 
Experimental Procedure Followed in Artificial Mating Experiment 
In an attempt to control the time variation factor artificial 
mating was utilized in this study in order that a large number of gilts 
could be mated to each boar within one estrous cycle. 
The six mature Yorkshire boars of previously unknown fertility 
used in this study were housed in the South Dakota State University 
Swine Unit boar barn and had free access to a small concrete exercise 
area outside of their pens. Each boar was hand fed 2. 25 kg. per day 
of a 16. 7% crude protein ration (table 1 )  once each day. 
During June of 1967 the sperm-rich fraction of the ejaculates 
of the above mentioned boars was collected by the gloved hand technique 
( Herrick and Self , 1962 ) into separate one pint insulated thermos 
bottles which had previously been warmed to 38° C. Immediately 
following collection, the semen was transported to a nearby laboratory 
where it was strained through cheesecloth to remove the gelatinous 
portion. The strained sem·en was maintained at 38° C. in a water bath 
while it was being processed. 
Abbreviations for semen characteristics and fecundity used in 
all .tables and discussion are presented in table 2. 
Sperm morphology observations (table 2) were made under the high 
power objective (4JOx ) of a light microscope from semen smear slides 
prepared with one drop each of sperm-rich semen and aniline blue-eosin 
B stain (Hartman-Teddon Company Prepared Stain ). 
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TABLE 1 . . COMPOSITION OF THE 16 . 7% CRUDE PROTEIN RATION 
FED THE BOARS AND GILTS DURING THE PRE-. AND 
POSTBREEDING PERIODS 
14 
Nutrient Weight (kg. ) 
Ground . yellow corn 
Ground oats 
Dehydrated alfalfa me al 
Soybean meal (44% )  
Meat and bone s craps 
_Dicalcium phosphate 
Trace mineral salt 
Vitamin-antibiotic premixa 
281 .18 
290 . 25 
272 . 11 
31 . 75 
9 . 07 
9 . 07 
4. 54 
9 . 07 
a The premix provided 4410 U. S . P. units vitamin A, 8 . 82 mcg • . 
vitamin Bi_2 , 11 . 03 mg. choline , 9 . 92 mg. niacin , 4. 41 mg. pantothenic 
acid , 2 . 2l mg.  riboflavin , 551 . 25 U. S . P .  units of  vitamin n3 
and 11 . 03 
mg. chlortetracycline per kg. of ration. 
TABLE 2 .  ABBREVIATIONS FOR SEMEN CHARACTERISTICS AND 
FECUNDI'rY USED IN .ALL TABLES 
15 
Semen characteristic Abbreviation 
�gen uptake in 
·microliters (mcl. ) per 
10 sperm cells during the incubation 
period 
First JO minute period 
Sixth JO minute period 
Total during J-hour period 
Percent progressive motility 
Estimated immediately after collection 
(initial -motility) 
Estimated after J-hr . incubation period 
(final motility) 
Sperm concentration 
pH of semen 
Sperm-rich 
Initial extended before incubation 
Final extended after incubation 
Morphology observations 
Percent normal sperm 
Percent abnormal heads 
Percent midpiece defects 
Percent coiled tails 
Percent bent tails 
Percent loose heads 
Percent cytoplasmic droplets 
Percent ova recovered as embryos 
mcl. P1 
mcl. P6 
mcl. A6 
f; IM 
Cone. 
pH SR 
pH IES 
pH FES 
1, NS 
</, AH 
% MpD 
� CT 
% BT 
%, LH 
% CD 
% ORE 
Sperm concentration was measured by a turbidometric method 
described by Young et al. (1960) using a Bausch and Lomb Spectronic 
20 Spectrophotometer. Semen from each boar was extended in a yolk­
glucose-bicarbonate extender (table 3 )  to a concentration of 108 sperm 
per ml. by using the following equation : 
Volwne of extender to = 
add to sperm-rich 
Concentration Volume 
X 
spern1-rich sperm-rich 
Sperm concentration 
desired 
Volume 
sperm-rich 
Ex:tended semen from each boar was divided into 50 ml. aliquots and 
stored at 8° C. u�til subsequent use for insemination. 
Ex:tended semen samples (108 sperm per ml. ) were incubated at 
38° C. in flasks in a Warburg constant volQ�e respirometer. Oxygen 
consumption was measured in mcl. per 108 sperm by the direct method 
of Warburg as described by Umbreit tl al. (1964). Three ml. of 
extended semen were placed in the main vessel and 0 . 5  ml. of 
diethanolarntne (DEA) whi ch was used as the CO2 absorbent (Shelby and 
Foley, 1966) was placed in the side arm. The respir.om-eters were set 
16 
to shake the flasks iOO oscillations per minute with a stroke length of 
3. 5  cm. Readings wer8 taken after a ten minute equilibration period 
and at 30 minute intervals for a total of 3 hr. 
Percent progressive motility of the sperm-rich semen and the 
extended semen after 3 hours incubation was subjectively estimated on 
a O to �00;6 basis in 10% intervals by the hanging drop technique under 
the low power objective (lOOx) of a light microscope o 
TABLE 3. COMPOSITION OF THE YOLK-GLUCOSE- .  
BICARBONATE EXTENDERa 
Ingredient Amount 
Stock solution : 
Glucose (dextrose) J0. 0 gm. 
Sodium bicarbonate 1 5 • gm .  
17 
Dihydrostreptomycin sulfate U . S . P. 
Penicillin 1 1 G1 1  u. s . P. sodium 
1. 0 gm.  
1, 000, 000 units 
Dissolve the above substances in 1000 ml. of distilled water and 
store in refrigerator. 
Prior to collecting a boar, add 100 ml. of fresh egg yolk to 
350 ml. of stock solution, mix well end warm to 38° C. before adding 
to sperm-rich semen. 
a Standard egg yolk-sodium bicarbonate- glucose extender found to be 
most satisfactory for swine A. I. by Dziuk (1958) and Borton et al. 
( 1965 ). 
Samples of sperm-rich, initial extended semen and final extended 
semen were obtained and immediately frozen for later pH determination 
using a Beckman Model Zero�atic II pH meter. Readings were recorded 
to the nearest . 01 pH unit. 
The six boars were randomly allotted into two groups and a 
random breeding order was assigned to each group. Semen was collected 
ev·ery 48 hours, with three boars being collected each day until all 
boars had been collected 11 times each and all gilts had been 
inseminated . 
A total of 80 eight-month old, Duree-Yorkshire crossbred gilts 
were utilized in the studies after observing them during two normal 
estrous cycles prior to the exper1ment. They were self-fed
 the same 
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ration (table 1) as the boars during the pre- and postbreeding periods .  
Gilts were observed in standin g estrus as indicated by allowing a teaser 
boar to mount them or by allowing the herdsman to place both hands on 
their ru�ps. They ware artificially inseminated the following morning 
with 50 ml. of extended semen from the same morning ' s collection, thus 
fresh semen not· over 6 hours old was used in all inseminations. 
The gilts were slaughtered 25 days after insemination and their 
reproductive tracts were recovered. The number of corpora lutea and 
embryos present in the reproductive tract of each gilt was counted and 
recorded. The number of normal embryos present expressed as a percent 
of the eggs ovulated (as indicated by the number of corpora lutea) was 
used as a measure of fecundity in the gilts. 
All semen observations were taken in duplicate and the data, 
including manometer readings, were transferred to IBM cards for machine 
computation and analysis. Cor1 elation coefficients between the various 
semen characteristics measured and gilt fecundity were computed. 
Statistical atialysis . of the semen characteristics was performed by the 
method of least squares and fecundity data were analyzed by Chi-square. 
· statistical procedures were according to Snedecor (1956) and Steel and 
Torrie ( 1960 ) .  
ffe,cperimental Procedure F(?llowed in Natural Mating Experiment 
After 60 gilts had been inseminated the type of mating was 
changed from artificial to natural in order to examine the correlations 
between semen characteristics and fecund�ty under _more natural conditions. 
It was also felt that variation in
, 
conception rate due to insemination 
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techniques ,  if any, could be eliminated. - Four gilts were mated to each 
of five boars .  Two of the original boar s  (boars 4 and 6 )  were excluded 
from the experiment because of size and temperament and one additional 
boar (boar ? )  was added. The pro cedure followed was essentially the 
same except a 5. 0 ml. spenn-rich sample was collected from the boar 
after mounting the gilt just prior to copulation.  The boar was allowed 
to breed the gilt and the s emen sample was transported to the laboratory 
and handled in the same manner as in the previous experiment except the 
semen was extended in the glucose-bicarbonate stock solution without 
egg yolk added for the incubation to determine oxygen consumption. Egg 
yolk was omitted because its cold shock preventative function was not 
neces sary and because it  was not present in the ejaculate in �tero . 
The only function of  the stock solution was to extend the sperm to a 
constant number for oxygen consumption determination. 
RESULTS AND DISCUSSION 
. Semen Characteristics 
Artificial Mating Experiment. Mean values of 15 semen charac­
teristics1 of the six boars used in this study are summarized in table 
4. Values presented for each boar are mean values computed from 11 
ejaculates obtained from each boar . Values in the 'mean ' line and 
standard deviations include all ejaculates and all boars .  
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Highly significant differences ( P <. 01 )  were found between boars 
for all semen characteristics measured except oxygen consumption during 
· the first period ( P  <. 05 ) and percent loose heads and cytoplasmic 
droplets whi ch were nonsignific ant o Highly si gnificant differences 
(P <. 01 ) existed between ejaculates within boars for all characteristics 
except percent abnormal he ads , . coiled tails , loose heads  and cytoplasmic 
droplets which were nonsignificant. 
Mean percent progressive motility decreased from 79 to 49% during 
the 3 hr. incubation period . Mean extended semen pH increased from 7 .3  
to 7 . 6 during the same period . A decrease in pH  might be  e�ected 
because of lactic acid production. However , sinc e  pH readings were 
taken only at O and 3 hr . , it is conceivable that during incubation . pH 
first increased due to bicarbonate los s from the media and then decreased 
due to lactic  acid accumulation . Shelby and Foley (1966) indicate 
that when the bicarbonate in the semen cannot equilibrate with the 
carbon dioxide in the surrounding atmosphere , the pH of the semen 
lsee table 2 ,  page 15 , for semen characteristic abbreviations 
used in all tables . 
TABLE 4 .  MEAN VALUES FOR 15 SEMEN CHARACTERISTICS OF  SIX BOARS 
COLLECTED 11 TIMES EACH USED IN ARTIFICIAL MATING 
Mel . Mel .  Mel . % % pH pH pH % % est % % % % 
Boar Pi p6 A6 IM FM SR IES FE'S NS AH MpD CT BT LH CD 
1 25 8 69 86 56 7. 7 7.2 7.6 77 8 4 2 4 3 3 
2 28 14 105 81 59 7.5 7.2 7.6 · 70 7 8 1 8 4 J 
3 26 9 96 88 67 7.6 7.2 7.5 74 6 8 1 4 6 1 
4 21 8 62 75 36 7.7 7.4 7.7 64 5 4 2 17 5 J 
5 38 6 90 81 46 7.6 7.2 7. 5 72 7 8 .6 4 5 J 
.. 6 21 5 55 65 JO 7.9 7.5 7.9 71 5 4 1 15 3 2 
Mean 26 9 80 79 49 7 . 7 7. 3  7.6 71 6 6 1 9 4 2 
Std. dev. 14 6 38 16 25 . J  .3 .3 7 J J 1 7 4 2 
Between boars .05a .01 .01 .01 .01 .01 . 01 .01 .01 .01 .01 .01 .01 NSC NS 
Ejaculates/boars .01b .01 .01 .01 . 01 .01 .01 .01 .01 NS .01 NS .01 NS NS 
a • 05 means significant at P <. 05. 
b . 01 means significant at P <::.01. 
c NS means nonsignificant. 
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becomes progressively more alkaline due to the loss of bicarbonate. 
They observed a significant and detrimental increase in pH when KOH 
rather than DEA was used as the carbon dioxide absorbent. 
Table 5 shows semen oxygen consumption during each period and 
accumulative consumption during the s:ix periods of each boar computed 
from mean values of 11 ejaculates obtained from each boar. Oxygen 
consumption differences between boars and between ejaculates within 
boars were highly significant (P <. 01) for all observations except 
period one and period five between boars (P < . 05). A relatively high 
_ oxygen consumption rate was apparent during the first period and then 
remained rather constant with a slight decrease during the remainder 
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of the in cubation period . A portion of this initial high respiration 
rate might be accounted for by the seminal plasma oxidation as described 
by Winchester and McKenzie (1941a). 
Natural Mating �periment. Mean values for semen characteristics· 
of five boars used to mate 20 gilts by natural service are presented 
in table 6 and were comput·ed in the same manner as those in table 4 .  
Significant differen ces ( P < . 05)  were found between boars for percent 
initial motility, normal sperm, abnormal heads, coiled tails and bent 
tails ;  percent cytoplasmic droplets were significant at P < . 01. Highly 
significant differences (P< . 01) were observed between ejaculates within 
bo ars for all char acteristics except percent loose heads (P <. 05) t 
abnormal heads and cytoplasmic droplets were nonsignificant. Table 7 
presents oxygen consumption dat a  computed from · mean values_ of four 
ejaculates from each of five bo ars. Differences between boars were 
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TABLE 5 . MEANS AND STANDARD DEVIATIONS FOR SEt\fEN OXYGEN CONSUMPTION 
DURING EACH HALF HOUR PERIOD AND ACCUMULATIVE PERIODS OF 
INCUBATION OF SIX BOARS COLLECTED 11 TIMES EACH 
Oxygen 
consu..mption Boar 
(mel. ) 1 2 3 4 5 6 
Mel. pl 25±10 28:t:16 26±8 21±7 38±21 21±9 
Mel. P2 ll:t6 18±9 20±6 11±6 16:t8 8±5 
Mel. P3 9±6 16±7 17±8 8±3 13±8 8±6 
Mel . P4 8±4 17:tll 14±8 8:t4 9±8 7±.5 
Mel . P5 8±4 12:t5 10±4 8±3 8±8 7±5 
Mel. P6 8±5 14±7 9±5 8±3 6±6 5±5 
Mel . A2 36±14 46±22 45±13 32±10 .54±27 29±13 
Mel. A3 45±17 62±26 62±19 40±11 67±30 36±17 
Mel. � .53±20 79±34 76±26 47±12 76±36 43±21 
Mel. A5 60±23 91±38 86±29 5.5±14 84±42 49±25 
Mel. A6 69±27 105±4'+ 97±33 62±14 90±45 .55±29 
TABLE 6. MEAN VALUES FOR 15 SEMEN CHARACTERISTICS OF FIVE BOARS 
USED TO MATE 20 GILTS BY NATURAL SERVICE 
Mel. Mel. Mel.  % % pH pH pH % % % % 
Bo ar  pl p6 . A£, HM FM SR IES FES NS AJI MpD CT 
1 JO 22 171 87 33 7.8 7.9 8 . 0  72 6 5 1.0 
2 13 9 59 61 10 7. 5 7.9 8.0 55 6 8 2. 0 
3 18 18 132 81 30 7. 6 7.9 8.1 71 5 8 0.1 
5 27 20 147 75 38 7. 7 7.8 8.0 72 4 9 0.1 
7 7 
· 14 80 90 27 7. 5 8.0 . 8 . 0  73 8 4 o. o 
Mean 19 17 118 79 28 7 . 6 7.9 8.0 68 6 7 o . 6  
Std. dev. 19 8 80 16 18 . 3 . 2  1.3 10 3 3 1. 0 
Between boars Nsa NS NS .05b NS NS NS NS . 05 . 05 NS . 05 
Ejaculates/ . 01 .01 .01 .01 .01 .01 .01 .01 .01 NS .01 .01 
boars 
a NS means nonsignificant. 
b . 05 means significant at P <.05. 
.01 means significant at P <.01. 
% % 
BT LH 
7 10 
21 7 
11 6 
11 3 
5 9 
ll 7 
8 5 
. 05 NS 
.01 . 05 
CD 
o •. 4 
2. 0 
0.5 
2.0 
0 . 5 
1. 0 
1. 0 
. 01° 
NS 
N 
-t=:-
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TABLE 7 .  MEANS AND STANDARD DEVIATIONS FOR SEM&.� OXYGEN OONSUMPTION 
DURING EACH HALF HOUR PERIOD AND ACCUMULATIVE PERIODS OF 
INCUBATION OF 5 BOARS COLLECTED 4 TIMES EACH 
Oxygen 
consumption P.o ar  
(mcl . ) 1 · 2 3 5 7 . 
Mel. P1 30±23 13±12 18±13 27±22 8±6 
Mel . P2 32±30 10:t�l 25+14 26zl7 14±7 
Mel. P3 30±17 10±9 27±12 27:tl9 15:t5 
Mel . P4 27:tl4 9±8 22:tl0 25±18 16±4 
Mel.  P5 -29±15 8±6 22:t8 21±16 14±4 
Mel. p6 22±9 9±6 18±5 20;:15 14±4 
Mel. A2 64±50 22±23 43±27 5¼-37 21±11 
Mel. A3 92+66 - 33±31 70±39 80±55 37±16 
Mel. A4 119±74 42±38 92;:47 106±72 53±19 
Mel. A5 149:t85 50±45 114±54 127±87 67±23 
Mel .  A6 171±94 59±50 1J2:t57 147±101 80±26 
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nonsignificant in this study ; however, highly significant differences 
( P <. 01) remained between ejaculates .w:i thin boars for all obse1'vations. · 
Mean percent motility decreased from 79 to 28% during the incubation 
period. Extended semen pH increased from 7. 9 to 8. 0 during the same 
period. 
Differences in semen characteristics between boars tended to be 
lower in the natural mating experiment. Variation in significance and 
mean values of oxygen consumption, pH and motility between the artificial 
and natural mating experiments may have resulted from differences in 
·technique between the two experiments • .  The boars used were not the 
sa�e in both experiments; boars 4 and 6 were omitted and bo ar  7 was 
added in the natural mating experiment. A smaller portion of the 
ejaculate was sampled in the natural mating experiment and egg yolk was 
present in the incubation media of the artificial mating experiment 
but not in the natural service study. No apparent trend for any 
characteristic was observed over the collecting periods. 
Results from both eJq:>eriments point out that one of the potential 
sources of error in using semen quality as a tool to predict future 
fertility is the variation occurring in _s e�en quality (characteristics) 
from ejaculate to ejaculate from ·the same male. 
Mean initial progressive motility was 79% in both studies which 
is lower than reported by Shelby and Foley (1966) and higher than 
reported by Stratman et al. (1958 ) .  Mean final progressive motility 
ratings of 49 and 28% for both studies, respectively, compare with. 
32. 9% found by - Shelby and Foley (1966) using whole boar semen. Initial 
pH values of 7. 7 and 7. 6 are similar to the value of 7. 65 found by 
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Shelby and Foley (1966 ) .  Total me an oxygen consumption in each trial 
was 80 and 118 mcl . No dat a  u sing similar medi a . and techniques are 
available for c.ompari son.  Mean perc�nt normal sperm in the respective· 
s tudie s of 71 and 68% are in agreement with mo st worker s '  findings 
with apparently fertil e r ams ,  bulls and boar s .  These results indicate 
that s emen charac teristics of the groups o f  boars used in these studies 
do not vary gre atly from boar s  u sed by other workers . 
Embryo Recovery 
Embryo r ec<?very data obt ained from artificially and naturally 
· mated gilts i s  summarized in t able 8.  Hi ghly si gnific ant differences 
were found between bo ar groups of gilts both arti fi ci al y ( P < . 01 )  and 
natur ally mated ( P < . 01 )  in the nwnber of ova shed whi ch were pres ent 
as embryo s at 25 days pregnancy. These results are in agre ement with 
Shelby (1967 ) ,  Aamdal (1959) , Paredis (1962) , Hancock and Hovell (1961) , . 
Radford (1961 ) ,  First et al .  (1963 ) and Self (1961 ) who observed 
signi fi cant differ en c e s  between boars for conception r at e ,  percent 
cleaved ova recover ed or percent embryo s recovered. 
Although the differences in type of mating wer e  not statistic ally 
analyz ed , th e percent e ggs present as a�bryos data suggest a definite 
incr ease in fecundity for n atur ally m ated gilt s .  Borton _tl. .!1• (1965 ) 
comp ared 254 natural breedings and 120 artifi ci al  breedings and found 
signi fi cant differences  ( P < . 01 )  between method s of mati ng and resulting 
litter siz e .  Subin ( 1962 ) not ed that conc eption rate o f  artifi cially 
mated sows did no t di ffer appr eci ably from sows br_ed . natur ally. 
Fecundity vari ation in thi s  study between type o f  mating might be , 
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T.ABLE 8. El•mRYO RECOVERY DATA FROM A._-qTIFICIALLY AND 
NATURALLY MATED GILTS 
% eggs Mean number 
Number Egg s Embryos present of embryo s 
Boar of gilts ovulated present as embryo s per gilt 
Artificially Mated 
1 10 169 55 33 5.5 
2 11 184 41 22 3. 7 
3 8 139 51 37 6.4  
4 11 228 69 30 6.3 
5 9 139 18 13 2 . 0  
6 11 204 32 16 2 . 9  
Naturally Mated 
1 4 66 60 91 15. 0  
2 4 66 52 79 13 . 0  
3 4 68 24 35 6 . o  
5 4 64 34 53 8.5 
· 7 4 69 43 62 10. 7 
x2 for differences among boar groups of gilts in number of ova shed 
which were present as embryos at 25 days of pregnancy was significant 
.at P < . Ol in both artificially mated and n aturally mated gilts . 
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explained by increased volume of semen and number of sperm in favor of 
natural mating and failure of boar semen used in this study to withstand 
extension and also the insemination technique. Stratman and Self (1960) 
found no significant difference in fertility when 50 ml. semen con­
taining 2. 5, 5. 0 or 10 billion sperm were used. 
Relationships Between Semen Characteristics and Fecundit:y: 
Artificial Mating Experiment. Correlations between semen 
characteristics and fecundity using 45 ejaculates that artificially 
mated 60 gilts are- presented in table 9. All oxygen consu.:'11ption 
observations were correlated (P <. 01) with each other. Those for period 
one and accumulative total appear to have the highest relationship �Tith 
other semen characteristics and are the only on es presented in the 
table. Total oxygen consumption and percent midpi ece defects were 
positively correlated  ( P< .  01). A negative relationship might be 
expected when the oxidative function of the midpiece is considered ; 
however, the defects were o�served morphologically only and these 
defects possibly interrupted the oxidative enzyme co ntrol mechanisms 
_resulting in an erratic increased oxygen utilization above that required 
for normal metabolism of the sperm, or this might simply mean that the 
enzymes escaped into the media causing uncontrolled respiration. A 
significant relationship existed between oxygen consumption (P6 and A6) 
and initial motility (P <. 05) and final motility (P <. Ol ). As expected 
sperm-rich pH was correlated ( P <. 01 ) with final pH. All pH determina­
tions had a significant (P <. 05) relationship with . percent loose heads. 
Initial extended semen pH was correlated with bent tails and cytoplasmic 
TABLE _ 9 . CORRELATIONS BETWEEN S:El1EN CHARACTERISTICS .AND FECUNDITY 
USiijG 45 EJACULATES THAT A..�TIFICIALLY MATED 60 GILTS 
Mel . Mel. pH pH pH % % % 'fo % % % % % 
p6 A6 SR IES FES IM FM NS AH MpD CT BT LH CD 
Mel . ·Pi, o . 66 o . 66 - .11 - . 20 - . 20 o . oo 0 . 09 - . 09 - . 00 0 .19 - . 05 - . 25. 0 . 07 0 .13 
Mel . P6 o . 66 - - 36 - .14 - .12 0 . 31 0 . 56 0 . 06 0 . 05 0 . 24 - . 00 - . 04 0 . 10 0 . 13 
Mel. A6 - - 33 - . 13 - . 15 0 . 32 o.48 - . 09 0 .19 0 . 39 - . 07 - . JO - . 00 0 . 05 
pH SR 0 . 71 0 . 71 - .12 0 . 33 - . 20 - . 29 -.26 0 . 07 0 . 21 - . 36 - . 29 
pH IES 0 . 81 - .17 0 . 05 - . 07 - . JO - - 25 - . 05 0 . 37 - . 34 - . 30 
pH FES - . 14 0 .16 - . 10 - . 26 - . 20 - . 07 . 0 . 28 -- 35 - - 17 
% IM o . 47 0 .16 - . 16 - . 30 0 . 01 0 . 22 0 . 10 0 . 33 
% FM - . 21 0 . 18 0 .11 - . 10 - . 31 0 . 01 - . 04 
% NS 0 . 04 - . 11 - - 31 - . 66 - . 41 - - 35 
% AH 0 .16 0 .10 - . 31 - .18 - . 16 
% MpD - . 09 - - 35 0 . 04 0 . 09 
% CT 0 .10 - . 03 0 . 26 
. % BT - . 03 - . 07 
% LH 0 . 35 
% CD 
Cone. 
r > . 29 is significant at P < . 05 , r > . 37 is significant a.t P < . 01 .  
·% 
ORE 
0 . 10 
0 .12 
0 . 01 
0 . 21 
0 .13 
0 .15 
0 . 06 
0 . 02 
0 . 29 
0 . 08 
- .17 
0 . 01 
-.19 
- .11 
0 . 07 
0 . 61 
\..v 
0 
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droplets and sperm-rich pH (P <. 05) with cytoplasmic droplets. Percent 
initial motility appears to be a good indicator of final motility 
(r = ·47, P <. 01). 
The incidence of bent tails was the highest of the abnormalities 
studied and was �nderstandably correiated (P <.01) with percent normal 
sperm. 
The significant negative correlation (P <. 05) between cytoplasmic 
droplets and initial motility may reflect_ immaturity of sperm. with 
cytoplasmic droplets. The relationship between final motility and 
cytoplasmic droplets 1--ras not apparent after incubation which suggests 
that cytoplasmic droplets had been lost during the incubation period, 
indicating sperm maturation during this period. 
A significant correlation ( P <.05) between percent normal sperm 
and fecundity existed in this experiment which is in agreement wlth 
studies by Hancock (1959 ) with m�ne , Hulet et !:!_. (1965) and Parker 
and Bell (1966) with sheep and Wiltba.-rik �. al. (1965 ) and Munro (1961) 
with cattle. 
· The correlation between sperm concentration and fecundity was 
highly significant ( P <. 01 ).  It should be  emphasized that sperm 
concentration was not a planned variable in this study, but the sperm 
concentration of the sperm-rich fractions from approximately 25% of 
the ejacul ates was low enough that when extended with a minimum of 20� 
media the resulting concentration fell below the 100 million per ml. 
level. Only four pregnancies resulted when sperm concentration was 
below this level. 
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Natural Mating Experiment. Correlations between semen character­
istics of five boars and fecundity in 20 gilts mated naturally are shown 
in table 10. Similar but somewhat higher correlations were found 
between oxygen consumption observations than were found with extended 
semen including egg yolk. A significant relationship (P <. 01) remained 
between oxygen �onsumption (P1 and P6 ) and final motility. The 
corre�ation between oxygen consumption and midpiece defects was not 
apparent in this study. A highly significant correlation (P <.Ol )  
between normal sperm and bent tails existed which was opposite to that 
found in the prior study. 
Percent coiled tails were positively and unexplainably related 
(P <. 05) to fecundity. Salisbury and VanDemark (1961 ) indicated that 
in several cases different types of abnormal sperm are correlated with 
fertility. It is thought that this is a result of small numbers and 
consequently large experimental error is involved in the sample used. 
Percent normal sperm appeared to have no effect on fecundity in this 
study (r = -. 02 ) as compare_d to the prior study (r = 0. 29, P<. 0.5). 
In agreement 1-rl. th the literature the relationship between any 
one measure of sa�en quality and fertility was rather low in both 
studies and the correlations between the several semen characteristics 
were considerably higher than actual comparisons of these characteris­
tics with fertilizing capacity. 
TABLE 10. CORRELATIONS BETWEEN SEMEN CHARACTERISTICS OF FIVE 
BOARS AND FECUtTDITY IN 20 GILTS MATED NATURALLY 
Mel. Mel.  pH pH pH % % % % % % % % % % 
p6 A6 SR IES FES IM FM NS AH MpD CT BT LH 
CD ORE -
Mel .  'PJ.. o . Bb 0 .93 0. 09 - . 50 0 . 06 0 . 36 0 . 52 - .17 � -11 0 .17 0 .13 0 . 02· - . 34 � - 34 - . 02 
Mel. P6 0 .93 0.16 - . 26 - . 03 0.1
5 0 .53 - . 23 o. oo 0 � 06 - . 06 - . 10 - -19 - .41 -.Jl 
Mel . A6 ·0 .17 - - 39 - . 01 0 .21 0 . 60 - .22 - . 06 0 .13 0 . 01 - . 01 0 . 31 - . 46 0 .15 
pH SR 0 . 52 o .44 - .10 0. 01 - . 09 0 . 08 o .4l 0 . 08 - . 15 - . 22 0 . 04 0 .13 
pH IES 0 . 21 - . 52 0 . 38 - .19 0 . 54 - . 09 - .19 - . 43 0 .13 0 . 08 0 .17 
pH FES - .08 0 . 23 - .OJ 0 .15 0 . 33 - . 05 - .13 - .17 0 .18 0 .14 
% IM 0. 45 - .11 - . 61 0 . 53 0 .22 0 . 31 - . 34 0 .27 - . 04 . 
% FM - .19 - - 17 0. 09 - .16 - .15 - . 11 - .12 0 . 05 
% NS - . 31 0 . 25 0 . 28 o . so 0. 29 0 . 19 - . 02 
% AH -.JO - . 23 - . 32 0 .14 - .14 - . 21 
% MpD - .23 0 .27 - . 40 0 .15 - . 06 
<{b CT 0 . 26 0 . 09 0 . 13 o.44 
· % BT - -15 0 .14 0 . 11 
% LH - . 25 - .16 
% CD 0 . 16 
r > . 44 is significant a.t P < . 05, r > . 56 is significant a.t P < . 01.  
u) 
u) 
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CONCLUSIONS 
Under the conditions of this study and the semen characteristics 
measured, significant differences between boars and between · ejaculates 
within boars and ·the nonsignificant correlation of most of these ·semen 
characteristic$ with gilt fecundity suggest that considerable variation 
in these characteristics may exist from one boar and one ejaculate to 
the next without affecting the over-all fertility of the boar. 
Highly significant Chi-square analysis of percent eggs ovulated 
r.ecovered as embryos at 25 days pregnancy :5.ndicate that boar differences 
do exist in their ability to fertilize ova and initiate normal embryonic 
development which suggest the following : 
(1) The semen characteristics studied are not good indicators of 
boar fertility ; however, this is not to imply that these characteristics, 
when above or below some optimum level, do not affect fertility. 
(2) Although significant variation in semen cha.ract.eristics 
between boars existed, the _ variation was not great enough to greatly 
affect fecundity in the gilt. However, if boars of previously known 
low and high fertility levels had been utilized, there may have been a 
higher correlation between semen characteristics and fecundity.  
(3) Even though the gilt effect is  theoretically random, embryo 
recovery at 25 days may not be a proper assessment of  the boar's 
ability to fertilize ova and initiate normal development of embryos. 
It is interesting to note observations of the mean semen 
characteristic values of boar 6 used in - the artificial mating experiment. 
Oxygen consu.�ption during all peribds and motility ratings were the 
lowest of all boars while pH values were the highest, yet boar 6 was 
intermediate in the embryo recovery data. These observations would 
tend ·to substantiate two above. 
From experience gained in this study this author would suggest 
the following ways of improving the technique for further studies: 
(1 ) Utilize boars of previously known low and high fertility 
in order to observe which characteristics have an effect and their 
variability between different levels of fertility. 
(2) Collect the entire ejaculate, strain, take sronple and 
inseminate with entire ejaculate which would eliminate extension 
variables. 
( 3 )  Observe onset of estrus much closer by limiting the number 
of gilts per pen and by the use of a vasectomized teaser boar. 
(4 ) Recover embryos at 2 or 3 days after insemination and 
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observe number of cleaved embryos and number of uncleaved but fertilized 
ova as well as the number of unfertilized ova and use these data for 
evaluating fertility. 
(5) . Include additional observations, i.e. , DNA content, live-dead 
ratio , survival after storage and bacterial contamination. 
(6)· Determine the number of matings per ejaculate and number- of 
ejaculates per boar required to make statistically safe predictions of 
boar fertility. 
This author w'Ould use the terms semen quality and semen charac­
teristics interchangeably in the sense that they are semen variables 
measured under the conditions of this study and not necessarily implying 
they are the same under the conditions of natural copulation and 
ejaculation. 
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Predictors of fertility may be the most accurate term applicable 
until the exact cause-effect and relationships of semen char acteristics· 
and fertility are defined. At this point we may unintentionally state 
illogical spurious correlations as fact when they may be due to mutual 
dependence of the correlated variables on other unmeasured or unknown 
variables. 
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Sill•W.JiliY 
This study eval�ated the variation of semen characteristics-­
oxygen consumption, pH, motility and morphological sperm classifica­
tions--between boars and between ejaculates within boars and the 
relationship of these semen characteristics with fecundity in the gilt. 
Significant differences w�re found between boars and between 
ejaculates within bo ars for most semen characteristics measured in both 
the artificial and natural mated experiments. However, the differences 
between bo ars in the natural mated experiment tended to be lower. It 
was suggested that the differences in significance levels were due in 
part to the sampling technique followed. Variation between ejaculates 
within the same boar points to an important possible source of error 
when using only one or a few ejaculates to predict future fertility of 
the boar. 
Chi-square analysis for differences among boar groups of gilts 
in the number of ova shed which were present as embryos at 25 days 
pregnancy was highly significant (P <. 01) in both at-tificially and 
naturally mated experiments. 
Most of the correlation coefficients between the measured semen 
characteristics of fecundity in the gilt were nonsignificant except 
percent normal sperm (r = 0. 29, P <. 05) and sperm concentration 
(r = o. 61, P <. 01) in the artificially mated group and percent coiled 
tails (r = 0. 44, P <. 05) in the naturally mated group� 
Under the conditions of this study and the semen characteristics 
measured, significant differences between boars and between ejaculates 
within boars and the nonsignificant correlation of most of these 
characteristics with gilt fecundity suggest that considerable 
variation in these semen characteristics may exist frorn one ejaculate 
to the next without affecting the over-all fertility of  the boar. 
Highly significant Chi-square analysis of percent eggs ovulated 
recovered as embryos indicated that the boars did differ in their 
ability to fertilize ova and initiate normal embryonic development 
which suggests that either additional characteristics must be studied 
or a more critical means of evaluating the characteristics utilized 
in this study must be developed. 
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